INTRODUCTION
A survey of allelic variations in genes has several purposes. First, haplotypes (i.e., combinations of allelic variations) can be delineated and their evolutionary relationship determined. Trait associations of genes can then be studied by segregation analysis between the most distant haplotypes. Further, strains can be selected for particular haplotypes to assess the consequences of marker-assisted selection and to study the interaction with other genes. Secondly, programs aimed at conservation of genetic diversity of farm animals can be focused on strains that contain genetically distant haplotypes. In this communication, we analyze 3,792 base pairs of the 5′ region of the gene encoding for the cytosolic form of phosphoenolpyruvate carboxykinase (GTP) [EC 4.1.1.32] (PEPCK-C), which is a key regulatory enzyme of gluconeogenesis (Hanson and Reshef, 1997 
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(a total of 64 genomes). A total of 19 single nucleotide polymorphisms (SNP) were identified. Neither deletions nor insertions were present. The most frequent SNP were transitions (79%), and in most cases the ancestral allele coincided with CpG dinucleotides (10-fold excess after correcting for dinucleotide frequencies). A gene tree was constructed assuming maximal parsimony. It led to the delineation of 6 haplotypes (combination of alleles). Two of the SNP coincided with RFLP detectable by the restriction enzymes AciI and BstEII, respectively. Based on this analysis we can now identify individuals with the evolutionary most distant PEPCK-C haplotypes, establish strains of these haplotypes, and analyze trait associations and epistasis with other genes.
MATERIALS AND METHODS
We analyzed DNA from 32 chickens of eight different White Leghorn strains. One was an experimental strain (Strain 7) established in 1958 from four commercial strains and kept without selection (Gowe et al., 1993) , whereas the other seven strains were different commercial strains. All strains had been kept as closed breeding populations for at least 20 generations. DNA was isolated from the blood of four chickens from each strain using standard procedures (Sambrook et al., 1989) . Four primer pairs were designed (DNAMAN 2 version 2.7) to cover the region from position −1,723 to 2,069 in four overlapping sections ( Figure 1 ). The amplification protocol for each section was 5 min presoaking at 95 C, followed by 35 cycles of 60 s at 94 C, 80 s at 62 C, and 90 s at 72 C. The PCR product was purified with a PCR purification kit 3 and was sequenced from each end using an ABI 310 capillary sequencer. In good quality runs, there was no difficulty in distinguishing heterozygotes from homozygotes.
Abbreviation Key: PEPCK= phosphoenolpyruvate carboxykinase; PEPCK-M = mitochondrial form of PEPCK; PEPCK-C = cytosolic form of PEPCK; SNP = single nucleotide polymorphism. F1, CTGGGACCACCAGCAAGTACTG; R1, GCCTGTGCAGTCGGTGTGTGA; F2, GCTGGGACTGAATGGAAGAGGAG; R2, CTGTTGAGTCG-GATGGGTGTCAG; F3, CACCATCAGCTGAAAGGGAGCC; R3, GTTGGGTTCGTTGGGAGAGACAAC; F4, GTCTCTCCCAACGAACCCAA-CATG; R4, CCTCTTCTGACATCCAGCGACC.
RESULTS AND DISCUSSION
The 3,792 bp scanned contained 1,723 bp of the promoter region, 1,578 bp of introns, and 491 bp of exons (exons 1 to 3). In the 32 chickens (a total of 64 gene segments), we identified 19 SNP or one SNP per 200 bp (Figure 1 ). Deletions or insertions were absent. Ten of the 19 SNP were in the promoter region, eight in intron regions, and only one in exon regions (exon 2, position 253). When corrected for the number of bases analyzed, the frequencies of SNP in the promoter and intronic regions were about the same, whereas the frequency in exon region was more than twofold lower. The SNP in exon 2 was a synonymous mutation, resulting in a change from an AAA triplet to an AAG, both coding for lysine. Variations in the promoter region were outside consensus sequences, a possible exception being a mutation 10 bases downstream of the TATA box. As expected, the majority of mutations were transitions. Nine of the SNP were purine transitions, six were pyrimidine transitions, and four were transversions.
To resolve double heterozygotes, it was assumed that each mutation occurred only once during evolution. It entails that only three of the four possible combinations of alleles at two loci are present. These three combinations were inferred from chickens where one of the two loci was homozygous. This assignment was consistent and delineated six different haplotypes labeled A1 to A6 (Table 1). The sequence published by Sato et al. (1997) was not identical to any of the haplotypes we found in this research, but was closest to A3, differing by four base pairs. There was at least one homozygous chicken for each haplotype in our samples.
The most parsimonious unrooted gene tree is shown in Figure 2 . It was established by inspection and coincided with the gene tree generated by Clustal W version 1.81. 4 The most parsimonious principle also implicitly designates the ancestral base at each polymorphic site. At each polymorphic site, the ancestral base was the most fre-quent base among the six different haplotypes (Table 1, Figure 2 ). The same observation has been made in humans, indicating that on an evolutionary scale these polymorphisms have occurred relatively recently (Cargill et al., 1999) . The 3′ and 5′ nearest neighbor bases were analyzed for their effect on the mutation frequencies as described by Hacia et al. (1999) . Similar to the human study, we found that after correction for dinucleotide frequencies, the mutation rate at CpG dinucleotides was almost 10-fold higher than at other dinucleotides.
The C to T transition at locus R41 corresponds with a loss of an AciI restriction site (AACGTT→AATGTT) and the G to A transition at locus F22 with an acquisition of a BstEII restriction site (GGTGGCC→GGTGACC). These RFLP can be used for rapid screening by PCR and to group haplotypes. The RFLP haplotype (AciI− , BstEII−) was diagnostic for A1 (AciI+ , BstEII−) for either A2, A3, or A4 and (AciI+ , BstEII+) for A6 or A5 (Figure 2) . We determined the two RFLP genotypes in 475 chickens of 
The position numbering follows the sequence numbering of Sato et al. (1997) . Transcription starts at position 1. FIGURE 2. Evolutionary relationship between chicken cytosolic phosphoenolpyruvate carboxykinase haplotypes. The difference between two most distant haplotypes (A1 and A5) is 14 single nucleotide polymorphisms. X is a putative branch-point haplotype.
a nonselected random bred strain of White Leghorn chickens (Gowe et al., 1993) . As expected from assumption that each mutation occurred only once in evolution (i.e., one of the four possible combinations of the alleles at two loci is missing), all genotypes could be explained by the presence of the three RFLP haplotypes indicated above. Genotypes diagnostic for the fourth possible haplotype, (AciI− , BstEII+), were absent. Linkage disequilibrium analysis indicates that this conclusion is statistically significant (data not shown).
We are now using this information to develop strains with the most distant haplotypes of PEPCK-C to test whether the genetic variability in this gene contributes to phenotypic variations. We are particularly interested in establishing whether there is epistasis with PEPCK-M, the mitochondrial form of PEPCK. PEPCK-M segregates for alleles that are co-selected with resistance to Marek's Disease (Li et al., 1998) .
